354 words) 29 Most Xanthomonas species translocate Transcription Activator-Like (TAL) effectors into plant 30 cells where they function like plant transcription factors via a programmable DNA-binding 31 domain. Characterized strains of rice pathogenic X. oryzae pv. oryzae harbor 9-16 different tal 32 effector genes, but the function of only a few of them has been decoded. Using sequencing of 33 entire genomes, we first performed comparative analyses of the complete repertoires of TAL 34 effectors, herein referred to as TALomes, in three Xoo strains forming an African genetic lineage 35 different from Asian Xoo. A phylogenetic analysis of the three TALomes combined with in silico 36 predictions of TAL effector targets showed that African Xoo TALomes are highly conserved, 37 genetically distant from Asian ones, and closely related to TAL effectors from the bacterial leaf 38 streak pathogen Xanthomonas oryzae pv. oryzicola (Xoc). Nine clusters of TAL effectors could 39 be identified among the three TALomes, including three showing higher levels of variation in 40 their repeat variable diresidues (RVDs). Detailed analyses of these groups revealed 41 recombination events as a possible source of variation among TAL effector genes. Next, to 42 address contribution to virulence, nine TAL effector genes from the Malian Xoo strain MAI1 and 43 four allelic variants from the Burkinabe Xoo strain BAI3, thus representing most of the TAL 44 effector diversity in African Xoo strains, were expressed in the TAL effector-deficient X. oryzae 45 strain X11-5A for gain-of-function assays. Inoculation of the susceptible rice variety Azucena 46 lead to the discovery of three TAL effectors promoting virulence, including two TAL effectors 47 53 BAI3Δ1, a talB knockout derivative of BAI3, carrying these designer TAL effectors increased 54 virulence of BAI3Δ1, validating OsERF#123 as a new, bacterial blight S gene. 55 56 57 58 59 Author Summary 60 The ability of most Xanthomonas plant pathogenic bacteria to infect their hosts relies on the 61 action of a specific family of proteins called TAL effectors, which are transcriptional activators 62 injected into the plant by the bacteria. TAL effectors enter the plant cell nucleus and bind to the 63 promoters of specific plant genes. Genes that when induced can benefit pathogen multiplication 64 or disease development are called susceptibility (S) genes. Here, we perform a comparative 65 analysis of the TAL effector repertoires of three strains of X. oryzae pv. oryzae, which causes 66 bacterial leaf blight of rice, a major yield constraint in this staple crop. Using sequencing of 67 entire genomes, we compared the large repertoires of TAL effectors in three African Xoo strains 68 which form a genetic lineage distinct from Asian strains. We assessed the individual contribution 69 to pathogen virulence of 13 TAL effector variants represented in the three strains, and identified 70 one that makes a major contribution. By combining host transcriptome profiling and TAL 71 effector binding sites prediction, we identified two targets of this TAL effector that function as S 72 genes, one previously identified, and one, new S gene. We validated the new S gene by 73 functional characterization using designer TAL effectors. Both S genes encode transcription 74 factors and can therefore be considered as susceptibility hubs for pathogen manipulation of the 75 host transcriptome. Our results provide new insights into the diversified strategies underlying the 76 roles of TAL effectors in promoting plant disease. 77 78 100 effector-specific DNA sequences and activate transcription at those locations [9]. When 101 induction of targeted genes promotes bacterial colonization in planta and/or disease symptom 102
previously reported to target the susceptibility (S) gene OsSWEET14 and a novel major virulence 48 contributor, TalB. RNA profiling experiments in rice and in silico prediction of EBEs were 49 carried out to identify candidate targets of TalB, revealing OsTFX1, a bZIP transcription factor 50 previously identified as a bacterial blight S gene, and OsERF#123, which encodes a subgroup 51 IXc AP2/ERF transcription factor. Use of designer TAL effectors demonstrated that induction of 52 either gene resulted in greater susceptibility to strain X11-5A. The induction of OsERF#123 by Introduction 80 X. oryzae pv. oryzae (Xoo) and X. oryzae pv. oryzicola (Xoc) respectively cause bacterial leaf 81 blight (BLB) and bacterial leaf streak (BLS) of rice, two important constraints for production 82 worldwide, causing yield losses ranging from 0-30% for BLS and up to 50% for BLB [1] . 83 Although originally discovered in Asia, both diseases were reported in West Africa in the 1980's. 84 Since then, reports of both BLB and BLS in different countries across the continent have 85 increased, illustrating their potential effect on African rice production [2] . Although closely 86 related genetically, Xoo and Xoc cause different symptoms in early stages of infection and 87 colonize the host in different ways. While Xoo is a vascular pathogen, entering rice leaves via 88 hydathodes or wounds and colonizing the xylem parenchyma [3] , Xoc is an intercellular 89 pathogen infecting leaves through stomata and multiplying in the mesophyll apoplast. Genetic 90 diversity analysis revealed that Xoo can be classified into distinct genetic lineages according to 91 geographical distribution where Asian and African strains define two separate clades. 92 Intriguingly, African Xoo strains seem most closely related to and share several features with 93 Xoc [4] [5] [6] . Pathogenicity assays grouped African Xoo into three novel races [5] , and other studies 94 indicated that they trigger specific resistance responses [7] . 95 96 To successfully colonize their host, both Xoc and Xoo rely to some extent on host transcriptional 97 changes caused by Transcription Activator-Like (TAL) effectors. TAL effectors form a unique 98 class of type III effectors conserved in many Xanthomonas spp. [8] . Upon injection via the type 99 III secretion system, TAL effectors localize to the host nucleus where they directly bind to Some TAL effectors act as avirulence factors. Most of them trigger defense responses through 126 the induction of so-called executor (E) resistance genes like Xa27, Xa23 and Xa10 in rice [22-24] 127 or Bs3 [25] and Bs4c in pepper [26] . In Xoo, all avr genes known so far encode TAL effectors, 128 further underscoring the importance of these proteins in BLB. Some TAL effectors act either as 129 virulence or as avirulence factors, depending on the host genotype. An example is AvrXa7, target DNA sequence. Hence, successive RVDs in a TAL effector protein are involved in 141 specific attachment to a sequence of contiguous nucleotides (called the 'effector binding 142 element,' EBE) located in the promoter of the gene to be activated [31, 32] . This code-like 143 mechanism underlying TAL effector-DNA specificity enables prediction of TAL effector 144 binding sites in plant genomes [9, 33] . 145 146 Characterized African strains of Xoo have a reduced number of TAL effectors (usually nine) [5] , 147 when compared to strains of Xoc (up to 28) [34, 35] and Asian Xoo (up to 19) [36, 37] . By 148 contrast, weakly virulent US X. oryzae strains are devoid of TAL effector genes [38] , a 149 characteristic that can be exploited as a genetic tool to study the function of TAL effectors 150 individually [39] . 151 152 In previous work, we identified two TAL effectors from African Xoo strains that play a role in 153 pathogen virulence by targeting the promoter of SWEET14 at two different EBEs: TalC from the 154 Burkina Faso strain BAI3 [40] and Tal5 from the Malian strain MAI1 [14] . SWEET14 is the only 155 S gene so far known to be targeted by TAL effectors of African strains, as other African Xoo 156 TAL effectors have not yet been characterized. 157 158 In this study, we employed long-read, single molecule real-time (SMRT) sequencing technology 159 to define the complete TAL effector repertoires ('TALomes') of the two African Xoo strains 160 MAI1, and BAI3, as has been done recently for a number of Xo strains [34, 36, 41, 42] . We also 161 sequenced the genome of strain CFBP1947 [5], from Cameroon, which has been sequenced also 162 by another group [43] . These sequences were used to gain insight into the phylogeny of the 163 strains and the evolution of their TALomes. Further, to evaluate the relative virulence function of 164 each TAL effector within a TALome, we assayed the ability of each to increase the virulence of 165 the TAL effector-less X. oryzae strain X11-5A. This strain is less virulent than Xoo strains, and 166 the introduction of Xoo TAL effectors that induce major S genes increases symptom 167 development and pathogen growth in planta [39] Asian Xoc and Xoo whole genome sequences, with overall greater structural similarity to the Xoc 185 genomes ( Fig. 1B, Fig S1A, and Fig S1B) . These alignments also revealed the genomes of Asian 186 Xoo strains to contain more repetitive sequences overall than Xoc or African Xoo ( Fig S1A) .
188
Phylogenetic trees based on multi-locus sequence alignment (MLSA) using 33 housekeeping 189 genes were constructed using available fully sequenced or draft X. oryzae genomes, revealing 190 that the three African Xoo strains form a closely related group along with the Xoo strain NAI8 191 (draft genome, accession number AYSX00000000.1) collected in Niger [5] ( Fig 1A) . This 192 analysis also showed that, as previously reported [5, 6] , African Xoo strains are genetically 193 distant from Asian Xoo and appear more closely related to Xoc. Also, the X. campestris pv. 194 leersiae strain NCPPB4346, a pathogen of southern cutgrass shown to cluster with X. oryzae 195 strains [38] , was revealed to be closely related to both Xoc and African Xoo. Analyses of 196 Average Nucleotide Identity ( Fig S1C) [44] and in-silico DNA-DNA Hybridization [45] support 197 the groupings found using MLSA ( Fig 1A) . African Xoo strains were also found to have, like 198 Xoc, an overall reduced number of insertion sequences (IS) elements ( Fig S2) , and to contain 199 very few (3 to 5) TnXax1-like short inverted repeats ( Fig 1B) , when compared to Asian Xoo. 200 This particular type of IS which has been found in association with TAL effectors in Xoo as well 201 as in other Xanthomonas, is hypothesized to be involved in the horizontal transfer of TAL 202 effector genes and their transposition within a genome [46] .
204
Comparative analysis of African X. oryzae pv. oryzae TALomes and candidate targets 205 tal gene sequences were extracted from the genomes using in-house perl scripts. This identified 206 nine TAL effectors in each strain, including the previously characterized TAL effectors TalC 207 from BAI3 [40] and Tal5 from MAI1 [14] . We used the program DisTAL [47] to assess 208 similarities between the African Xoo TAL effectors and TAL effectors from all other fully 209 sequenced Xoo and Xoc strains by alignment of the RVD sequences. A tree based on these 210 alignments shows that the African Xoo TAL effectors group together with TAL effectors from 211 Asian and African Xoc strains, suggesting a common ancestral origin ( Fig 1C) .
213
Consistent with the fact that the few observed TnXax1-like inverted repeat sequences discussed 214 above do not flank any TAL effector genes on both sides, across strains the genomic positions of 215 the loci corresponding to the nine TAL effector genes are conserved when accounting for the 216 inversion around the replication origin ( Fig 1B) . And, the TAL effector gene(s) at each locus 217 across strains are clearly orthologous to one another, falling into nine groups based on DisTAL 218 alignments ( Fig 1C) . Each locus or TAL effector group is thus identified in this paper with a 219 unique letter, assigned based on the number of repeats, from longest (A) to shortest (I). Specific 220 alleles for each tal group are indicated with the strain name in subscript. Tal5 from MAI1 which 221 contains 17.5 repeats was consequently renamed TalF MAI1 . Alternative names for these effectors 222 following the nomenclatures proposed by others [36, 37] are included in Table S1 . For each of the TAL effectors we predicted EBEs in the rice (cv. Nipponbare) promoterome and 236 looked at the overlap between the predictions for each TAL effector ( Fig S3) . Based on this 237 analysis, the RVD differences for the polymorphic TAL groups TalA, TalB, TalF, TalH and TaIl   238 can be expected to lead to differences in the activation of some targets. For example, only 60% 239 of the predicted targets are shared between TalA MAI1 and TalA BAI3 or TalA CFBP1947 due to the two 240 RVD polymorphisms found (Fig 2) . The differences were more dramatic in the highly variable 241 TalF group where less than 10% of predicted targets for TalF MAI1 overlap with those of TalF BAI3 242 or TalF CFBP1947 ( Fig S3) . 243 244 We next compared the prediction results with expression data. For this, RNA-seq libraries were 245 generated from rice leaves harvested 24 hours after inoculation with the strain MAI1 or a water 246 control. The reads were mapped to the rice genome, and differential expression was determined 247 using the Tuxedo suite [48] [49] [50] . 1366 genes were found to be significantly induced in response to 248 strain MAI1. Of these, 152 genes had predicted EBEs in their promoters for MAI1 TAL effectors 249 and were considered candidate TAL effector targets (Table S2 ). In the case of the strain BAI3, 250 micro-array data were already available for rice plants inoculated with this strain compared to a 251 water control, collected at 24 hours post inoculation (GEO accession GSE19844) [40] . Out of 252 377 genes induced in response to BAI3, 45 contained predicted EBEs for BAI3 TAL effectors 253 and were therefore considered candidate TAL effector targets (Table S3 ). We then compared the 254 lists of TAL effector targets for both strains and found that, as shown in Table 1 
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259
We reasoned that the list of shared targets described above may include novel S genes that 260 contribute to the severity of disease caused by each strain. As a first step to identify such genes, 261 we subcloned the TALomes of strains BAI3 and MAI1 to test for virulence contributions by gain 262 of function assays using X11-5A, the Xanthomonas oryzae strain that is naturally devoid of TAL 263 effector genes [38] . A strategy based on the enrichment of BamHI-TAL effector sequences from 264 genomic DNA libraries [51] , led to the isolation of all nine tal genes from strain MAI1 and eight 265 from strain BAI3 (we were not able to isolate talB BAI3 despite several attempts). The sequences 266 of the cloned genes matched those from the genome assembly. The RVD array of TalC MAI1 is 100% identical to that of TalC BAI3 (Fig 2) , which activates the 281 expression of the S gene OsSWEET14 [40], thus explaining its ability to increase the virulence of 282 X11-5A. TalF MAI1 was shown previously also to induce OsSWEET14 by binding at a non-283 overlapping EBE [14] , likewise explaining its ability to enhance X11-5A virulence. To our 284 knowledge, this is the first example of a strain carrying two TAL effectors that target the same S 285 gene promoter at unrelated EBEs, and may reflect a pathogen adaptation to overcome host loss-286 of-susceptibility alleles such as xa41(t) that disrupt an EBE [52] . In contrast to TalF MAI1 , 287 TalF BAI3 did not increase the virulence of X11-5A (Fig 3) . Indeed no EBE is predicted in the 288 SWEET14 promoter for TalF BAI3 , which as noted above differs at 6 out of 18 RVDs from 289 TalF MAI1 .
291
TalB MAI1 contributes to virulence by targeting both a known S gene and a new one 292 To understand how TalB MAI1 promotes disease, we sought to identify its relevant targets. Among 293 the nine genes induced by BAI3 that each has a predicted TalB EBE in its promoter (Table S3 ), 294 we focused on two that were also induced by MAI1 (Table S2) . Os09g39810, which was the 295 most highly induced by MAI1 and had the highest TalB MAI1 EBE prediction score (Table 1,   296   Table S2 ), and Os09g29820 (OsTFX1), which was previously reported as a BLB S gene [15, 16] .
297
Os09g39810 is annotated as an expressed protein containing an AP2 domain and is from here on 298 referred to as OsERF#123 [annotated as an expressed protein containing an AP2 domain, 53]. 299 Both TalB MAI1 and TalB BAI3 , despite their six polymorphic RVDs, are predicted with high scores 300 to bind to the same EBE in its promoter. This EBE ranks number 30 in the genome for TalB MAI1 301 and number 6 for TalB BAI3 (Table 1, Table S2 and Table S3 ). OsTFX1 encodes a bZIP 302 transcription factor, it is highly induced upon infection of rice with MAI1, and its predicted EBE 303 ranks 570 in the genome for TalB MAI1 were infiltrated with MAI1 and X11-5A(ptalB MAI1 ), respectively carrying talB MAI1 on the 307 chromosome or on a plasmid, and X11-5A carrying an empty vector. As expected, RT-PCR 308 amplification showed that both OsERF#123 and OsTFX1 were highly and specifically induced 309 upon infection of rice with the strains expressing TalB MAI1 (Fig S4) . With the aim of deciphering 310 which of the two targets is biologically relevant, i.e. an S gene, we engineered dTALEs to 311 specifically induce each of them individually. Two dTALEs per candidate gene were devised, 312 targeting sites located in the vicinity of the native EBE ( Fig 4A) . Leaf-clipping inoculation 313 assays using X11-5A derivatives showed that dTALE-mediated induction of OsERF#123 314 enhanced virulence similarly to TalB MAI1 (Fig 4B) . dTALEs for OsTFX1 also conferred higher 315 virulence to X11-5A albeit to a lower extent than the OsERF#123 dTALEs. The virulence 316 contribution was similar to that conferred on X11-5A by TAL effector PthXo6 from the Asian 317 Xoo strain PXO99 A [15, 16] , which was included as a positive control. Importantly, X11-5A 318 strains expressing the OsERF#123-targeted dTALEs, dTALE ERF-1 or dTALE ERF-2, induced 319 OsERF#123 and not OsTFX1, as shown by qRT-PCR analysis ( Fig 4C) . Last, we evaluated 320 patterns of OsERF#123 transcript initiation using 5'-RACE experiments, and discovered that 321 TalB initiates transcription primarily at sites residing 41-69 bp downstream of the 3' end of its 322 EBE ( Fig S5) , as is the case for many TAL effectors and their targets. Altogether, our results 323 reveal that TalB MAI1 is a virulence factor that activates two S genes, OsTFX1 and OsERF#123, To confirm the function of TalB as a virulence factor for African Xoo, we generated a library of 327 BAI3 TAL effector gene mutants by transformation with the suicide plasmid pSM7 [20] and 328 identified a talB mutant by screening for strains unable to induce OsERF#123, assessed by qRT-329 PCR 24h after infiltration (data not shown). We identified such a strain and designated it 330 BAI3Δ1 ( Fig 5A) . Assayed by leaf clip inoculation, BAI3Δ1 showed reduced virulence relative 331 to the wildtype strain ( Fig 5B) . Induction of OsERF#123 and virulence were fully restored by 332 plasmid-borne talB MAI1 , while induction of OsERF#123 was fully restored and virulence 333 partially restored by either of the two OsERF#123-targeted dTALEs ( Fig 5A and Fig 5B) , thus 334 establishing that TalB contributes to virulence in its native context by activating the newly 335 identified S gene OsERF#123.
336
Discussion
337
In this study we sequenced the genomes of three African strains of Xoo and characterized their 338 TALomes systematically using a gain-of-virulence assay, providing a first glimpse into the 339 function and evolution of TAL effectors in this particular group of X. oryzae strains. Based on 340 RNA profiling and in silico prediction, and both gain and loss of virulence assays and targeted 341 dTALEs, we identified TalB as a virulence factor and TalB target OsERF#123 as a novel S gene 342 for bacterial blight of rice. 343 344 Our analysis revealed each African Xoo strain to contain nine TAL effectors that can be 345 classified according to their repeat and RVD sequences [36, 47] in nine groups, corresponding to 346 nine syntenic loci. Five of these loci showed some degree of variation in RVD sequence between 347 strains, variation that can translate into different effects on the plant transcriptome. When 348 comparing these sequences with the results of inoculation assays (see below), no clear relation 349 was seen between contribution to virulence and evolutionary conservation. Among the three 350 TAL effectors from MAI1 that contributed to virulence, TalC MAI1 is highly conserved (i.e. 351 identical at the nucleotide level) in all three strains and is expected to contribute to virulence in 352 the same way in all strains harboring it, by inducing OsSWEET14, as previously reported [40] . 353 Meanwhile, TalB MAI1 shows some RVD differences from TalB BAI3 and TalB CFBP1947 ; nonetheless, 354 the two latter alleles are expected also to induce the relevant targets OsTFX1 and OsERF#123 355 and thus to contribute to virulence similarly. In the case of TalB BAI3 there is transcriptomic 356 (Table 1) and functional ( Fig 5) evidence that this is the case. Finally, TalF MAI1 , which also 357 induces OsSWEET14, at an EBE distinct from that of TalC, belongs to a highly variable group in 358 which the alleles in strains BAI3 and CFBP1947 may be inducing completely different targets. 359 And at least in the case of BAI3, no significant contribution to virulence by its allele talF BAI3 was 360 observed in inoculated Azucena plants (Fig 3) . The degree of variation in each of these groups 361 may be dictated by interaction with the host, specifically the degree of variation at the target 362 promoters across different host genotypes. The evolution of the talF locus is of particular interest. The sequence analysis presented in this 365 work hints at possible recombination events leading to variants of this TAL effector in the strains 366 BAI3 and MAI1, where in each case a set of contiguous repeats was found to match exactly 367 those of another TAL effector in the genome (different in each case). The overall high similarity 368 of TAL effector repeats likely favors recombination, and recombination of repeats may indeed be 369 responsible for fast evolution of TAL effector variants in Xanthomonas [46, 47, 54] . 370 Recombination in this case may have been further favored by the genomic context given that the 371 loci involved are found close to the replication origin ( Fig 1B) , a region known to be a hotspot 372 for recombination [55] . 373 374 The fact that talF MAI1 targets the S gene OsSWEET14 convergently with TalC in MAI1 raises 375 questions about the selective forces acting upon this locus. It is possible that the MAI1 variant 376 talF MAI1 was positively selected after a recombination event allowing for its induction of 377 OsSWEET14; indeed, the recombined repeats match the corresponding nucleotides in the EBE 378 almost perfectly according to the TAL code (Table 1, Fig 6) . However, how could this selection 379 have occurred in the presence of the OsSWEET14 inducer TalC MAI1 in the same strain? One 380 possibility is that these two TAL effectors have been maintained in the Xoo strain MAI1 in 381 response to genomic variants in the host population. Indeed, at least one type of variation (named 382 xa41(t)) has been described in African rice varieties that impairs binding of TalF MAI1 to its EBE 383 in the promoter of OsSWEET14 [52] . It is possible that a similar loss-of-susceptibility allele that 384 impairs binding of TalC MAI1 also exists in rice and is driving the selection of TalF MAI1 . 385 Alternatively, TalF MAI1 may be an ancient TAL effector that was lost in strains BAI3 and 386 CFBP1947 after escaping selection due to its redundancy with TalC. Studying the TALomes of 387 more African Xoo strains and genetic variation at OsSWEET14 will likely clarify the 388 evolutionary history of these loci. Our gain-of-function approach led also to the discovery that TalB MAI1 is a novel major virulence 402 factor. Combining in silico prediction of EBEs and transcriptomic data, we pinpointed two 403 candidate targets, OsERF#123 and OsTFX1. By specifically inducing the expression of each 404 using dTALEs, we found that each target could explain some of the disease promoting effect of 405 TalB MAI1 . Interestingly OsTFX1 had been reported as a S gene for Asian Xoo strains and is 406 known to be targeted by the TAL effector PthXo6 of Xoo strain PXO99 A [15, 16] . Our data show 407 that African Xoo strains also have acquired the capacity to activate OsTFX1 albeit with a TAL 408 effector harboring a totally different RVD array ( Fig 6) . In addition to the well-known example 409 of OsSWEET14 whose promoter is targeted by several unrelated TAL effectors [56], OsTFX1 The other gene targeted by TalB MAI1 , OsERF#123, encodes a putative protein of 131 amino acids 418 (BAT09530) characterized by an AP2/ERF domain (spanning from residues 16 to 75). BLAST 419 analysis showed that OsERF#123 is single-copy in the rice cv. Nipponbare genome and broadly 420 conserved across the Oryza genus (not shown). It attracted our attention because it was the most 421 highly induced of the candidate TalB MAI1 targets, and it had never been described before. In a 422 genome-wide analysis of the ERF family in rice and Arabidopsis, Nakano et al. [53] showed that 423 rice ERF proteins sort into 15 groups which can be further divided into subgroups, based on 424 sequence polymorphisms. Interestingly, group IX consists of proteins specialized in mediating 425 disease resistance. OsERF#123 was assigned to the subgroup IXc which includes a few proteins 426 whose biological function is related to the induction of defense responses such as SlPti5, 427 described as a pathogenesis-related (PR) protein [57, 58] (Fig 6) , a feature that may have arisen as a response to loss-of-450 susceptibility alleles in the host population [52] . In the case of TalF MAI1 we also hint for the first 451 time at a recombination event leading to the evolution of virulence activity. 452 453 Second, we describe for the first time a TAL effector, TalB MAI1 , with dual targeting activity, 454 binding to two different EBEs in unrelated genes, where both targets contribute to susceptibility. 455 While TAL effectors often have been shown to induce multiple genes, so far at most only one of 456 the induced genes has been shown to be required for virulence [19, 20] . Interestingly, in at least 457 one case, the TAL effector may have higher affinity for the physiologically relevant target, based 458 on EBE prediction scores [20] . It is then curious that the BAI3 and CFBP1947 variants of TalB 459 are predicted to bind with even higher affinity to the EBEs of both OsTFX1 and OsERF#123 460 than TalB MAI1 is (Table 1 ), suggesting that the talB locus is undergoing some evolutionary fine-461 tuning of its binding specificity to target both genes simultaneously. Dual targeting of two 462 susceptibility genes has recently been hypothesized for another African Xoo TAL effector, TalC, 463 although its secondary target is yet to be discovered [12] . Bacterial strains, growth conditions and plasmids 490 The bacterial strains used in this study were Escherichia coli DH5α (Stratagene, La Jolla, CA, 491 USA), X. oryzae pv. oryzae strains BAI3, MAI1 and CFBP1947 [5] , and X. oryzae strain X11-492 5A [38] . E. coli cells were cultivated at 37° C in Luria-Bertani broth (LB) medium, and X. 493 oryzae strains at 28°C in PSA medium (10 g l -1 peptone, 10 g l -1 sucrose, 1 g l -1 glutamic acid, 16 494 g l -1 agar). Plasmids were introduced into E. coli by electroporation and into Xo by biparental 495 conjugation using E. coli strain S17-1 as previously described [40] . The plasmid used to 496 subclone individual tal genes is a derivative of pSKX1-talC obtained upon digestion with BamHI 497 and direct self-religation, leading to a construct harboring the ATG start codon of talC and 151 498 3' bp [14] ; expression is driven by the lac promoter, which is constitutive in Xanthomonas.
499
BAI3Δ1 was generated by transformation of BAI3 with the suicide plasmid pSM7 and mutant 500 strains were selected with kanamycin at 25µg/mL [20] . Total genomic DNA of the three African Xoo strains was prepared using the QIAGEN midi-prep 512 genomic DNA preparation protocol for bacteria and using the Genomic-tip 100/G (Qiagen, 513 Valencia, CA, USA). DNA was re-suspended in 500 µl of ddH 2 O and aliquoted into several 514 tubes and stored at -20 o C for SMRT sequencing and sub-cloning of tal genes. All the plasmid 515 preps were carried out by using the QIAprep Spin Miniprep Kit (Qiagen). DNA purification was 516 performed by using the QIAquick PCR Purification Kit (Qiagen).
517
RNA isolation and qRT-PCR
519
Leaves of 3-week-old rice plants were infiltrated with water or Xo strains using an OD 600 of 0.5. 520 At 1 dpi, leaf segments from three plants were ground into a fine powder using the Qiagen 521 Tissue-Lyser system (30 rps for 30 s). Total RNA was isolated from rice leaves using the 522 RNeasy kit (Qiagen). cDNA was generated as reported previously [14] . Real-time PCR was 523 performed on the Mx3005p multiplex quantitative PCR system (Stratagene, La Jolla, CA, USA) 524 using SYBR Green (Eurogentec, Liège, Belgium). For each gene, three independent biological 525 replicates were analyzed. DNA amounts were normalized using actin as a reference gene. Primer 526 sequences are provided in Table S4 . 543 The OsERF#123 and OsTFX1 promoter sequences from the rice variety Nipponbare were 544 analyzed in order to design the appropriate designer TAL effectors (dTALE) binding sites as 545 described previously [14] . The specificity of the selected EBEs were controlled using Talvez 546 v.3.1 (http://bioinfo.mpl.ird.fr/cgi-bin/talvez/talvez.cgi; [62] ). dTALEs were generated using the 547 Golden TAL technology and expressed as FLAG fusions under the control of a lac promoter in 548 the Golden Gate-compatible broad host range vector pSKX1 [14] . The RVD sequences of the 549 dTALEs used in this study are provided in Table S5 . T  T  T  C  C  A  T  A  T  C  C  A  T  A  T  C  C  A  C  C  C  A  T  3  8  7  3  8 T  A  C  C  A  T  C  A  C  C  A  A  A  A  C  T  T  C  A  3  6  6  4  1  4  expressed protein  1  ,  1  8  1  ,  1  3  -s  t  r  a  n  d   T  a  l  G  O  s  0  1  g  5  3  4  2  0  -7  3  T  A  G  A  A  A  A  C  A  T  C  A  T  C  T  C  A  T  1  5  3  1  5  3 anthocyanidin 5,3-Oglucosyltransferase, putative, expressed
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